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MEMORANDUM 
TO: 
SUBJECT: 
W. B. Drake 
Director of Research 
Portland Cement Stabilizatton of 
Western Kentucky Gravels 
It has been known for some time that some Western Kentucky 
bank gravels perform rather poorly as base or shoulder material. In 
the fall of 1956, the Division of Research participated in the expe ri­
mental design and evaluation of a group of ten rural highway base sta­
biliza.tion projects'"· Two of these projects, one in Ballard County and 
* Havens, J. H. and Drake, W. B., " Ten Rural Highway Base Stabili­
zation Projects", Reports of the Highway Materials Research Labora­
tory, Vol. XII, Parts I, II, III, 1957, pp. 150-230. 
one in Marshall County involved the stabilization of Western Kentucky 
bank gravels with a bituminous material; AE-200, a mixing-type emulsion, 
was used. 
The performance of these bitumirlous-stabilized· gravels has not• 
been entirely satisfactory. Even though little tendency was noted for the 
asphalt to bleed to the surface, some sections were deeply marked and 
remarked by each passing vehicle. It may have been that the addition of 
the bituminous material served to lubricate rather than cement the ma­
terials together. 
It was pointed out in the above mentioned report that Western 
Kentucky gravels have usually been treated with bituminous materials 
or calcium chloride in attempted stabilizations with generally unsatis­
factory results. It was pointed out that portland cement, lime, or lime­
fly ash might be more successfully used to stabilize these gravels*. 
* Gravelly soils such as those found in the Purchase Region often 
present most favorable characteristics for soil-cement construction 
and�uire the least amounts of cement for ade�ate strengths. 
To further investigate these bank gravels, a preliminary labora­
tory study has been made on two samples from th<;l Jackson Purchase 
Region. The area from which the samples were taken represents the 
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Table l. Mineralogy of the Calloway County Gravet(Lafayette Formation) 
Sieve Size Constituents (percent) 
Passing Retained Ch'!rt Limonite Quartz Muscovite Coal 
l-l/2 " l II 100 
l" 3/4" 100 
3/4" 3/8" 97 
3/8" No. 4 94 
No. 4 No. 10 85 
No. 10 No. 20 42 
No. 20 No. 40 7 
No. 40 No. 60 
No. 60 No. 140 
No. 140 No. 200 
Table 2. Mineralogy of the 
Sieve Size 
Passing Retained Chert 
l-l/2" l" 100 
l" 3/411 100 
3/4" 3/8" 93 
3/8" No. 4 68 
No. 4 No. 10 64 
No. 10 No. 20 36 
No. 20 No. 40 l 
No. 40 No. 60 
No. 60 No. 140 
No. 140 No. 200 
3 
4 
10  
55 
92 
l 99 
39 60 l Trace 
48 5 1  l Trace 
Marshall County Gravel( Tuscaloosa Gravel) 
Constituents (percent) 
Quartzite Quartz Muscovite Coal 
2 5 
17 15 
25 ll 
14 48 2 
97 2 
98 2 
95 5 Trace 
89 ll Trace 
., 
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the highest elevations in the undulating plain of the Purchase Region - ­
the ridges in the area consist of chert and limestone of Mississippian 
age capped by the Tuscaloosa gravel or the Lafayette formation. 
One sample was obtained in Marshall County and was taken 
from a deposit of the Tuscaloosa gravel. This sample was obtained 
from a pit to the southwest of the intersection of US 62 and Ky. 95, 
just south of Calvert City (see Fig. 1a.). The Tuscaloosa gravel con­
sists of a cherty gravel in a matrix of quartz sand and some clay and 
chert. The average size of the gravel particles is about 1-1/2 inches in 
diameter, ranging from approximately 1/2 inch to 10 inches. The gravel 
particles show the effect of rounding by water, the particles varying from 
oval to almost spherical. The color of the Tuscaloosa gravel is a light 
gray (see Fig. 2). 
A second sample was obtained in Calloway County, just north 
of Ky. 155 1, approx\mately 1/2 mile southeast of Shiloh (see Fig. 1b). 
This sample represents the Lafayette formation consisting of cherty 
gravel averaging 1/2 to 1 inch in diameter in a quartz sand matrix con­
taining very small quantities of clay. The gravel particles of this ma­
terial show less rounding than the Tuscaloosa gravel. The Lafayette 
formation exhibits a reddish-brown color (see Fig. 2). 
The two samples of gravel were returned to the·laboratory 
where identification and classification tests were performed. Grain 
size distribution curves are shown in Fig. 3. A mineralogical analysis 
of the various fractions of the gravels is given in Tables 1 and 2. 
The Atterberg limits of the material passing the No. 40 sieve 
were determined according to the appropriate ASTM test methods. 
The results are given in Table 3. 
Table 3. Results of Atterberg Limits Tests __ _ 
Calloway Marshall 
Characteristic County County 
Liquid Limit 20 NL 
Plastic Limit 20 NP 
Plasticity Index 0 NP 
Shrinkage Limit 20 22 
Shrinkage Ratio l. 68 l. 65 
:!--
a) MARSHALL COUNTY 
b) CALLOWAY COUNTY 
Fig. 1. Location of Sample Sites. 
CALLOWAY COUNTY MARSHALL COUNTY 
Fig. 2. Photograph of Specimens Prepared with 
Bank Gravels, 
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A sample of each of the two gravels was separated into two 
fractions on the No. 4 sieve. The pycnometer method was used to 
determine the specific gravities of each fraction. Combined specific 
gravities were calculated according to the proportion of material 
passing and retained on the No. 4 sieve. � Specific gravity of the ma­
terial passing the No. 10 sieve was also determined. These data are 
summarized in Table 4. 
To investigate the moisture-density relationship, the gravelly 
soils were compacted in three layers in a mold 6 inches in diameter 
by 7 inches high. The compactive effort was provided by 25 blows 
per layer by a 10 pound hammer dropped from a height of 12 inches. 
The foot of the hammer is pie-shaped. The entire gradation range 
was represented in the specimens used for these compaction tests; 
the larger particles were not removed but were left in the specimen. 
The results of the compaction tests were: 
Calloway County - 122 lbs/cu.fL max. dry density 
10. 4o/o optimum moisture content 
Marshall County- 127 lb/cu. fL max. dry density 
8. 4% optimum moisture content 
The first estimation of cement requirements for stabilizing 
the gravels was made by calculating the amount of cement to fill the 
voids knowing the combined specific gravity and the dry density. 
This estimation indicated a cement content of 10.4% by oven dry 
weight of soil for the Calloway County gravel and 9. Oo/o for the 
Marshall County graveL Figs. 4 and 5 show the variation of maxi­
mum dry density and optimum moisture content with cement content 
over a range on either side of the calculated cement contenL Note 
that the maximum density is obtained at approximately the same 
cement content required to just fill the voids in the gravelly soils. 
Cylindrical specimens 6 inches diameter by 7 inches high 
were prepared at various cement contents with the same compactive 
effort used in the moisture-density tests. These specimens, three 
for each cement content and curing time, were cured for 14 or 28 
days in a sealed container. The specimens were then tested in un­
confined compression. The results shown in Fig. 6 indicate that 
significant increases in strength do occur, even at the lower cement 
contents. Specimens made at zero cement content did not have 
sufficient strength to stand under their own weight when removed 
from the mold. 
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Table 4o Summary of Specific Gravity Data 
Calloway 
Specific Gravity County 
+Noo 4 Material 
Apparent Specific Gravity 
Saturated Surface Dry Spe.co Gravity 
Bulk Specific Gravity 
Percentage Water Absorption 
-Noo 4 Material 
Apparent Specific Gravity 
Saturated Surface Dry Spec o Gravity 
Bulk Specific Gravity 
Percentage Water Absorption 
Combined Specific Gravity 
Apparent Specific Gravity 
Saturated Surface Dry Spec 0 Gravity 
Specific Gravity - Noo 10 Material 
2. 44 
2o27 
2 0 16 
5,4 
2o59 
2o54 
2o51 
L4 
2o49 
2o34 
2o65 
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Fig. 4. Variation of Maximum Dry Density with 
Cement Content. 
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The results from this rather brief preliminary investigation of 
these two gravels indicate that their stabilities are significantly in­
creased with rather small additions of cement. In view of this, it 
might be desirable, even on the basis of this investigation, to place a 
section of cement stabilized shoulder, or base, using these gravels 
which are so extensive in the Jackson Purchase area. 
RCD:dl 
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'''"''-'� ,, 
Robert C. Deen 
Research Engineer Sr. 
